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A1lSTRAC’J’
II) this paper wc will dcxrilx  rmmt  NIV: IIICCS ill tlIc dcvckqmvm[  of {y)[ic:il  syslcms  for
fulurL* sp:m infrmxl tckscopc :md intc.rfcm] Id cl applica[  ions whicl] wit I opm[c al wry
low m cryogcnk  tc’I)I])cI:ItLIIcs  (’I’<77K) with cm]dmis  on Imyllium ati(] silicm c a r b i d e
optics. NCWJ n~atc.ri:ll  formulations and adwinoxl  proccssinp, HIK1 l~l:iI~ltfiicll[til]:,  (ccl] ?]iqucs
:Irc cmablin~,  the (lc\Jclc)]JIllcIll  of larr,c,  very low IINISS, hif,h lIcIl”orIIu  Incc cryofymic opl its.
‘Ile dcsi~,n,  lll:illllfiic[lllitl~,  ald  cryo$,cnic  tcs[in: of scwwil rcccnlly dcvclopcxl  n}imm aIld
optical nsscmblics  will k discmssd.

1. lN’J’l{ol)lJ(:’J’lo N”
A number of fu[urc astrophysics aIId planc[ary  sciclm missio]]s aIL’. mrrcnlly kinp,

prqmcd  aIWoI studied which will require [Ir iilij~lcltlcfll:llic)]l  of IW$y! Space lxlscd
tclcscopcs  and illtclfcl(}lllctcts. Sonic.  of [lmc  include lhc Space 1 nfrmxl ‘1’elcscopc
1 ‘acilit  y (S1 l<’]’] ‘), the Space.  ll~tc]f(>]c)]]~c[t}~ Missim] (S1 h4), IIK Nex[ (kncrat  ion Slme.
‘1’clcsco]x (NGS’1),  [k ‘1’crrc.s(rial  l)lmd l;imlcr Amy (’J’]’] ;A) aIId the. ‘1’crrcslrial l’land
Mapper Array (’I’I)MA). $khmmtic  fc]~lcscl]l:iliot~s  of conccj)ts  for two of these missions,
N(; S’1’ aIId ‘1’I’IFA, arc shown i]) l;ip,urc 1.

‘1’hc.  N(iSrl’ is currcntl  y cnvisiomxl  to bc a I HI f,c dcployahlc  tc.lcscopc  with aI~ =81n apcr[urc,
passivc]y  mold to 30-70K and pmforl]lil~g,  ilna~,in~, and spcxtroscopic  stl]dics Imtwccm
(). S~[In :IId 20~lIn (diffractim  limited at 1 -?~lnl). ‘1’hc ‘1’1)1  ;A concept  show il] 1 ‘i:,urc 1, is
a nmlti-lmclinc illtcl.fcl’()]llctc.]  coIIIposd  of four 1  .51n apcrlurc  tclrscojxx,  p:wsivcly
mold 10 35K, olxcrvinr,  in tlm ‘1- 17pm hnd and capable of xhicvinp,  sufficient star] i:,llt
nullinp (0 cmblc  jma?,inf,  of c:tr[h-like plilncts  around distant stars.

N(iS’1’ and ‘1’1’1 ;A, as WCII m many of’ tlm other mission stlidics, IMVC hig,lllig,htcd
the infr:]rcd  (:=1 -20p111) as the kcy spcctml mf,io]l for olmrvin~l  prop,ItIIns ainrd tit tllc
st[dy  of tlm early universe., t h e  dmcrvation  of  cxtm-solar  tcmstrial  plaucts,  and (k
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include  fuscxl silica, silicon carbide, Imyllium, alunlinum,  conqmsitcs  (carbon fllmr
rcit]forcc.d  polymc.rs,  mdal m:tlr;x and ceramic tylx),  am] varjous hybrids immporating
]]lullip]c matcrjals. Candidates for prccisim cryop,cnic  strudum include aluminum, silicon
c:irbjdc., beryllium, jnvar and composilcs,  as WCII as hybrjds. ‘Jihcrc is no perfect mate.rial
or c.o]]hinat ion of makrials that arc suit abk for at I appl i cat ions. I hch cmdidalc malcrial
h a s  b o t h  posi[ivc  and llcf,divc  aspcds  wi[h mpccl 10 Cryo:,cmic space optical systc.m
ajy>licnlims.  ‘J’hc kcy to smccssful dc.sip,n of future. sys[cms is to understand the. scicmc
p,mls of the particular mission, tlwir implication in tom of cmginccritl:,  ]c(]llilclllc.l]ts,  ad
lhc ;ivailablc cost and schcdulc. to fiml the optil]lum  set of materials to achicm [k desired
]JcIfc)IJ~):Il)cc. A summary of sclcdd  n~akrial  cons idcr:]lions for cryo:,cwic  optics is p,ivcn
in ‘J ‘able ].
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4 .  C1{YOGICNIC O1)’l’l(:S ‘J’I;CIINO1, ()(;Y l)lC}~ltl.olyh41 CN’J’l~ol/” SIR’J’N
‘1’hc ncx[ maior crvommic space optical systcm)  to lK dcvclopcd  bv NASA is

])l:ll)llc(l  lol)csll<’1’1~, all is;lll (+2;1’ apcl’(ill’c  Iclc:scopc, cooled to <SK :u](i pcrfoming
imaginp, and spc.ctroscopy in the. 3.5pm (0 :-160pI]~  rc:,im of tk spectrum. An ar[is[’s
c(~llcc]>tioll  of Sll<'l`l  i,c\llrcl]tlysc  llc(illlc(l[(J  l:~llllcll  in 2(K)?, issllc)wlljl]l;j~,ll]c3.



II) c.ady ] 993, j!] pmpmt ion fm S11<’1’1’, the .lCt l’1’opulsicm  1 ,alml’atol’y  (.1 1’1 .)
Cmbal’kcd  011 a  lcchllology  (lc.\’clo])lllc.llt plqyam to dcllmsttatc.  the viability of a
li@[wcigl)l, myogcmic  Ie.lcxopc. which had twice. the collcctins  arm of IRAS, lmIf tlm mass
aIId was difl’mtim  limitc.d  a[ a substantially shollcr  wavclcll:,lh  (C).5pm vs. 20pm). ‘Ihc
itli(ial  cffml focmcxl  on lhc. lll:ill~lfitctlllillp,  and myogmic [es(ill:, o f  (WO sukalc (0.5m
diamc.tcu”)  Icst mimm fabricatc,d  fmm the two lc.adin~, candidalc  mi ml malcria]s  - buy] 1 ium
and silicon cahidc. ‘1’his was followed by dcvclopmcml and Icslinp}  of a full scale (85cm
clcaI apcIlmc), lightweight 11< klcxcopc  Ml hxl lhc 1 nfmcd  ‘J’chxcopc ‘1 ‘cdlmlop,  y ‘1 ‘cs(bc.d
(l’l’’J’’l’). I ltlghcs  IWlmty optical Systems (11 I 10S) was sclc.dcd,  via a  compditivc.
pmposa] ]mxcss,  to dcvc.lop  the 1’1’’1”1’ based on an a lmyllium  design.

4.1. IIcryllium am] Silico]?. Carbide..’cslsl .hflir!~{~r_l)c\clo])  ]]lt’llt
‘1 k (),Sm diameter beryllium test mimr was fat~licakd fmm a blank lll:lll~lf:lc[lllc(l

fl’om Special] y pmcsscd 1-701 I ]X)w(lcl’  a( I 11’llstl-Wcl I Ill an, inc. usjnp,  the 1111’ (hot
isostatic  pmxsing) proms. ‘J’hc spxial  pmxssinf,  of lhc bcryllim powdc.r was aimcxt at
achicvin,g  a very Immogcmcms  slatlin?,  malmial  for the blank. It involvd  additional steps
(lxymd the standard 1-7[)11 spccjficat ion) dcsi:,nd to mmvc impuriticx :id care.fully
cmttol  the pwliclc sk distribution. 1 ‘ollowing manufacture of tlm blank,  pmjsion
machining,, hut no liplltwcjghting,, ~~,as (lol~c, ~jy 1,~1.al Al)~c,lj~;ill ] ]c,Iy] li~llll  :~11(~  opl  ical

finishing,, to a spherical surface, w:is pc]f~)].lllc,(l  by ‘1’ins]cy I ,;ilmratoric.s,  i n c . A ky
clclmmt  in the lllallllfi]ctlllill:,  plan was mpcatcd acid c.tchill~,  ml thcmml cycling of h
miwm, following each maim pmccssin~j step, (0 rclicwc  any built  up itltcmal slms. ‘1’hc
finishcxt optic, shown in 1 ‘igum -4, had a 2m Iadjus of cuwa! um, a mom Icmpc]at urc ms
~J,:lIrcflollt  C]]()] of 0.072L  (k 6331M~l)  ad W) IIHS sll~f:{c~  KNIfgNKXS  of 13A.

i ‘igum 4. 50cm diamc.tc.l  bcry] I ium test mirm

Clyogcnic  op[ical  [csting a t 77K and 4 .4K w a s  pcrfomwd  usinp, o p t i c a l
jl~tcrfcloll~ctiy  al (hc NASA Ames Rcsca]ch  Ccmtcr  in the.ir Optical ‘1’c.st 1 ;acitity  which has
[XXII dcscrilxd ]Mcviousl  y.(3) ‘1’hc mium  ]mvcd  to bc t h e  most stab]c laigc lmyllium

mi ml C.VCJ’ mc.as~ltul. ‘4) ‘1’IK Jms wavcfmnt  CIJOI at 77K was found to bc O. 150},. 1 ;ur[tlc.r
cooling  {0 l i q u i d  h e l i u m  kmpxilllrc  pmd(mxl  csscwtiatly  no chall?,c and yic.ldc(l a
measured rms c.mr of’ O. 140A m 4,4 K, ‘1 ‘hc IhcrIIml dist or( ion from mom tcmpcralurc to

4 .4K of <().1 h was com]>amb]c. to [hat obscI’vcd in Jmsl latgc fused silica mimm. ] ivcn
more jmporhnlly,  there was no indication of mc:mtab]c hystc.mis  in the. fip,um of the
miwm as a result of thcmal  cycling, a pmblcm which was wc]l known  in ]wc.vious lar~,c
troy] Ii um mi mm.(s)



‘J ‘hc dct ailcxl  Gum of the. obscmcd  hystc.rcsis  in prcvicms  boy] I ium miwms has
mvcr  bum ful 1 y immli~atcd. It js be] icvcd [0 bc related to pow qwdit y buy]  Iium powder,

1) ‘]IK jl]:lll[lfi/cttlli*lg  plan for the Socm beryllium test
pool consdidalicm  prior(0Ihc11 11) woccss and inlemal stmsscs hilt up in the optic  during
machining,  g,riding  and p o l i s h i n g ,  .
mirrm addmscd  al I of the. concc.ms. 1111 i male] y, 1 hc comlinat  ion of very clean lmyl Iium
powdc,r with a uniform par[ic]c  sim distribution,  care in the comsolidalion pmccss and
c.xlcllsive.  stms dicving  during machinills,  g[ilding  and polishins, KNIIICX1  in an
cxccl]cmt optic. U]timatcly, the plan was to rctutm the mimr to 1 mal Ammican  lkmyllium
for furllmr machining,  ad li~lltwci:hl  ing follmvd by amthci  round of cryogcmic  optical
lCSIS,  howcvu,  this work has mvc.r I)ccll  cmy~lc.tcd.

‘1’hc ().5111 diamclcr silicon carbide [cA mirror was a closed back,  ligh[wci@tcd
st met nrc fdwica(e.d  fmm mad ion bomlcd opt id (1<1 10) grade silicon cahidc  and rough
:,rouml to a sphc.m by lJnitc.d ‘1’cchnologics Optical Systems (lJ’JOS). 11’1’0S is 110 lmgcr
suppmling this tcclmology.  I lmvcvcr, Xjnc[ics, inc. ja 1,itllctm,  MA, IISA ls a cuwcmt
supplier. 1.it{on ltc.k Optical Systems (since. acquiml by 11110S in Ikmbury, CrJ’, lJSA)
was rcsponsihlc  for the optical fabrication all(i polishing. ‘J’hc mimr, shown in 1 ;i~,urc  5,
had a 2m radius  of cur vat urc and an I’m wavcfmnt  mm of 0.053A (L=63311m) at mom
tcmpcu’at  111’C. S u r f a c e  llliclc)~o~lgl~[lcss  was mvc]  mcasmd  on this pallicular  optic.
110WCVCJ, smfmc.s of 30A-40A  ms arc achicwab]c  on 1<110  silicon cad>idc  oplics.(~)

1 ‘igum 5. S(km diameter 1<110 silicm
cmhidc  (cjst mirmr.

Cryogenic  optics] tcsling of the silicm cahidc  mimw was ]mfomcd  at 1 .ockllcc(l-
Mar[in  ap,ain using optical i[~(c.lfcto~]lctry(8). WhcJI mold  to 8K, the minor  shmvcd an ms
Wavcfl’(mt CI’J’01”  of 0.1 ‘Ml. upon  l’ct 11111  to 1001)1  tclllpcl’at  111’C, a slight hys[mcsis  o f

:=().()31  was noted. A scum] cyc]c,  poduccd  similap KWIIS, 1.ockhcd  l]c]icvcs  that some
of the cm], ad possibly some. of the observed hys(cmis  was duc 10 thcmal effects on Ilm
test clwmbcr window  during, the test which wm difficull (0 conld  or quantify. ‘Jllc.m
wcm plans  to take the. miwm to the Ames facility for further [CS[S.  1 lowcvm, when lJ’1’OS
slopped pmducins  lk 1<130 silicon carbide opt its, and this specific pmdue( was m lmgcl’
avai lab]c,  those p] am wcm dmppcd. ‘1’hc conclusion was that (1K silicm cahidc mimn
pcrfomancc  was com]mablc to that of (1Ic. lmyllium miwm and that on the basis of the
sulmak  mirror cvalual ion pmgmm, both matcri:tls  wmaincd viable candidates for
cryogcmic  optical syslcm applicaliom.



4.2 ___:l’hq 1 nfralwl.  ‘1’descc)])cI  _:J’mhImlogy ‘J’@l)M! lLcsi~Il
]]1 Jum of ] 994, J]’]. iSSUCd  tk ]I)fI”aIcd “]’12]C.SCO]X  ‘j ‘cc]m[)]cyy  ‘] ‘C. S[bCd  R] ‘]’

inviting industry  and aca(icmia  to pmposc [0 d e s i g n  and build a pmlolypc  tclcscopc
mc.cfing [k ncds  of  tbc Sll<’l’l;  mission. ‘J’hc principal m]uimncmts lcvid on t h e
]~I(Jl~oscIswc tctllallll  cl'l''l`'J'sll ()lll(lacl  lic\~c(liff  r:ic[i(~lllilll  itc(l]>clf  (Jllllallcc:it  6.5~lm, at
5.5K wj(b an 85c1~lclc:ila  ]>cr(l~lc:~l~(l  a total  mass of <Sokg. ‘Ik primary mium  and
systcm focal ratios v~crcs]lccjfic(i  asli/1.2  and 1;/12 rc.spcdivcly.  11110S was sclcctcd to
l~tlil(l  (l~cl’I’’I’’l>:lsc(  lollll  thcircmcc.pt  for a(mady) all beryllium tclc.scope. A schclmt(ic
mpmscntation  of tbc IIIXE ]’1’’1”1’ dc.sign  is shown jll ];igurc 6. “1’hc tclcscopc is
fabrjcatcd  from hot isos[aticprcsscd  1-7011 (spdal)  l~clyllillllli(lclltical lotba[uscd  in
thctcstmimr  cxczpt  for six titanium biped flcxurcs and scvmd pjns used to mount the
primal-y ml sccmdary  mimm. “1’hcdcsjg,n  is bascdm a sillglc alcll]~lilllaryll  lilr[)r
at[achcd 10 a ligt~lwcigllt  bulkbc.ad  via three of the flcxurcs. ‘1’hc sccomlary miwm i s
mountcci  in a similar fidshion  10 tbc sc.condary  mim] assembly. ‘Il)c Scmdal’y
mimw asscmb]y jsat(achd  to a lightwc.ip,ht mdcring  towc.r which incmporalcs
lbc prjmarymd sccmdary  ccmc baffles and thmc lol)gitudinal  struts jnto a single
]l):ichincd  pifxc. (:c)l]j3cr  cooli]lg slrajJs:tlc~]sc(l  I[}f:]cilil:itcc  (}olillg,of  thclrl’’l’’jnjn t h e
lCS[ Cl)ambcl”. ‘J’bc scumdwy  mimm assc.mbly i s  dc.sifylcd  to accommditc  a cm
(Icgtcc.offlcc(lolll  focus mcchmism bu[ this clcmcnt has not been imxupmtcd  into
tlIcc LIrrcnt  har(lwarc. “1’hctotal  m a s s  of tlml’1’’l”l’ at  complcticm  is cstimatc(i to bc
2?9iig.

Sccmdary  h4imr  Assembly
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J1’1 (

‘1’cst  IFaciiity  Adapw

l;iguw(i.  'llllcltlfrarc(l  "liclcsco]>c  'l'cclll]ology 'J'csll>c(l

4.3 ‘1’!~_cSl_l{’l’J~.__:lSlcsC_oIJC_ ‘J’est.l!a.cil-ity
‘1’hc Ames Pacility  is too small to accommodate (1E 1’1”1”1’ for oyogcnic  (csting.

Collsc(plclltly, ~t]li]c  l]l)[)s was lll[illllfilctlllil~g  ~]lc, J’1’’J’’,’,  J])]. (icvc]opc(i  tk  SII<’l’J;
‘1’cIc.scc)]3c’ J’cs[ fiicility (S’l’’l’l:) showjl in liigurc 7. IIricfly,  tbc S“l’’l’l; which h been
dcsc]ii>c(i  in dc[ail c]scwhcrc ‘() ’1()) consists of Ihcc concentric shells. ‘1’hc outcl” Skil
lll:lill[:iills  ll]cl~:~ctl~llll,  lbc intc.mediate sbcll js al ]iqui(i  nitmgcn tcmpcmturc coolc.d  by a
sin~lc.  tank at k base, and the imcv sbcll is at liquid  hc.lium tcmim”atm’c  cooicd by dual
t:inks  at the top aml bot[om. ‘1 ‘hcsc t mks also supp]ics cryo~cm for COOI ing a vjlmt ion



l;igu]c 7. ‘1’hc s] 1<”1’1  i

‘1’clcscopc  ‘1’cst  1 ‘acilit  y

isolated pmcisim  gimbal mount and [hc cxpcrimcnla] hardware  which  can bc moLIIItcd
either on tbc upper or lower lank. “J’lIc  upper lank is movablr  within  tbc helium sbmd
thus :iccolllilloclti[il]g  optics of diffcrjng focal ratio. 1 iacb  of tbc tanks bas a cylimlrjcal  lmlc
through its ccnlcr to allow light to pass. ‘1’hc intclim diamc(cl  of tbc bclium sbmud i s
1.4111. in tbc testing of tbc I’l”lVI’ Primary h4imr  Assembly (1’N4A)  which is dcscribcd  in
detail in section 4.4, (1]c lmdwarc  was mmmtcd  to the. f,imbal  via thee titanium flcxu t’cs
and the. gimbal/l)MA assembly was at[acbcd  to Ihc. base of the upper tank with (11c mirm
facing  down. COppcr straps lo the tank baseplate pmvidd  cooling and platinum
msi st amc tlvmmmctcls  pmvidcd  a means to mmilm  lcmpcmt  urc. Neal’ Ibc base, al”c two
shut[e.m,  an inacr me al helium (cmpclatui’c and olltcl’ mc at nitq,cn  tcmpcmturc.  ‘llcsc
arc mwmally closed ad can I-K easily ad quickly opcl~cd  prim to mcasurcmcntt  ‘1’hc base
of t k vacuum sbcl 1 bas an optical window, below which is an instuumcnt rack upon
which mts a turning  miml, a mill km and a Y,ygo G]’] pbasc shiftitlg visib]c (633nm)
illtclfcl[)llletcl’. ‘1’hc entire asscmb]y, tank and ins(mmcnt  rack i s  moua[cd cm a  lalgc
aluminum t riangula~  frame which rests  on t hrc.c Nc.wpoII  Research pncumfic.  vilmt  ion
isolation Icfy,

44 ‘1’cs(  i~ Xl 1 !lc_lNIva.l”c(EJc!  Qs~.olJc..:!:Qcl~.!JQ!.QgY  :J:f’s@Qf~
} 1110S fabricated tbc l’h4A, which includes the primary mimw, tbc bulkbcad, the

mclcring  Iowcr adapter tube, the prjmary mimr biped flcxum aml the cooling straps  :im]
the tc.st facility adapter, ad dclivcrcd ii to J]’]. in July, 1995. A photograph  of the I’MA is
shown in 1 ‘igulc 8. ‘J’hc initial room tcmpcrat  LIIC IIIC.tiSLIICIIlCIIlS  on (hc 1 ‘M A sbowcd  al)

ms surFdcc.  CHYM  of O.192k (k 63311m)  with a peak-to-vallc.y cmw of 1 .56k. ‘J’hc
dominant  cum fc.at urc. was a series of concc.nt ric mm which l“csultcd  fmm fom grimli ng
in tbc c.ady stages of optical fabrication. ‘1 ‘k Kmcs were 1-2 waves in hcigbl and have
subsc.qucnt I y been Ycmovcd  wjt h futlhci’  smal 1 1001 comp~llcr cmtmllcd  polishing at
111)0s. A s  mcntimcd prcvkmsly, large Imyllium optics have tditimally  sbowll
“hcmal  hyslucsis”, lbat is, lbcy clmngcd shape followiag  cycling bet wccm mom
Icmpcralurc  and cryogenic  Icmpcmturc. ‘J’hc  I)MA was cycled five times to 77K and three
t imcs 10 SK with m cvidcncc  of hystc]csis.  l<oom tcqwat urc data rccmlcd  following
lhcsc mul~ip]c  cycles sbowcd m ms surface. cum was 0.1 94A and the. pc:ik-to-val]c.y  error

was 1.3 Sk ‘1 ‘hc s] ight change in tbc. mcasmcd pc.ak  to valley mm] js not bclicvcd  to bc
significant.



While  tbc I’MA S11OWMI  m hys(cmis, it did show a modmk cryogenic
distorlim.  At 77K, the rms surface CINN was found to bc 0.580k  and (be. peak-to-willcy

cITor WaS 4 .42L. At SK, the 1’IIIS Slllf’aCC CITO~ WaS ().588k and thC I~C:k-k-V:li]Cy  CI’1”01’

was 4 .30k. It is our conclusion  that there is cssc.n[ially  no diffmcncc bctwccn the. liquid
nitmgcn  ad licpid helium test data. 1 krtlmrmorc, the data was high] y mpcatab]c  fmm
Cycle to Cycle.

}kdlowing  tbc discovery of Ibc. cryogenic  distortion in tbc I’MA, an inve.stigaticm
10 dclcmim its sout”cc cmucd. }iirst,  tbc possibility of systematic cmm in Ibc test set-up
was investigated. ‘1’hc Ph4A was rotated 120° and cryo-tcs(cd  again. ‘1 k crymlistorlicm
rolatcd with tbc hatdwarc.  ‘1’hen, the mll lens was rotated  1800 with m effect. Sccoml]y,
the I’MA was dccouplcd  fmm the aluminum  adapter plate am] the. aluminum biped flcxurcs
and cryo-fcstcd  smpcndcd from a simple tlmc point kinematic mount.  Agiiin, 110 cbangc
was obscrvc(i.  1 JoI lowing that, the primary minor  was ]cmovcd from the I’M A and itself
cryo-tested using  tbc same mounting scbcmc. ‘J ‘hc observed cum in t hc primary mi ml
matcbcd  the cmw mcasmcd  in (}1c I)MA thus indicating that tbc smrcc  of the cryo-
dislcwlim was in l}]c mimx  ilsclf and mt in tbc mounting  hadwarc. 1 ‘imlj y, the cmtirc
I’MA was rcasscmblcd  and measured once. again at liquid bclium tcmpcmt  urc. ‘1’bc results
wc.rc csscmt  i all y idcnt ical 10 tlmc measured cad icr.

‘1’hc jmqmscd solution to Ihc cryof,cnic  dis(m(icm  problem was to “null-f igwc” the
mi 1“1’oJ. “J’his is a pmccss wbicb  bad been (jcJll(Jllsll’atc.cj  cxpc.1’imcll( al j y in fused Sil ica ( ] 1 )

am] i nvolve.s  lcfiguring  of tbc optic at mom tcmpcl$al  mc incoqmat  ing the negative of the
cryogenic  distmlim  observed a t  the. desired  opcmtimal  tcmpcl”aturc  such that W])CI1
cooled, tbc cmcct  figure is achicvc.d. ‘Ibis is only pmsiblc if thcm is m tbcmal
bystc.rcsis in (I1c mitm and bad mvcr  bccm dcmmstratcd  on a beryllium optic. “1’k I)MA
was sl)ippcd back to 11110S in 1 ‘cbruary  , ] 99~8 ‘]’]~c c~l,cc~]tliC  ~,~,~cs wc~c ~c*,~~Jvcd a,,~l
the mimm was null figured in such a manner so as to have tbc COMCC(  slmpc at SK. ‘1’his
pmcss was accomplisbcd  with c o m p u t e r  contro]lcd  polishing  using  small tools. ‘1’hc
l’h4A W~S l’C.tlll”ld  to J]’]. ill %]ltcmbcv’,  ] 996. l’rcjiminat-y  tcs[ing to 77K idicatcs  that
lhc refiguring pmccss has been successful and that null figuring has been clcmonstmcd  on
a bcryl]i ml mirror  for tbc fi]st t i mc. “1’hc  mcasutcd  rms surface. cm~r  at 77 K was 0. 165k

and tbc peak-to-valley cmw was 1.38A. 1 ;UII1)CJ  testing to <SK will bc pcrformc.d,  but no
significant changes arc anticipated.

4 . S  Silken _CJuWIC_ C_ry~gg]l.ic___{)])lical  .’J’M  K!a(dw t!u-  SJX’JI<
‘1’hc remaining piccc.s  of tbc 1’1”1 “1’ [clcscopc asscmbl  y are in tbc final stage of

manufacturing ad will bc dclivcrcd  to .I1)l. swan. 1 @llowing the cmcnt  1’MA tests, tbc
tclcscopc  will bc asscmb]cd, aligned  and tested in tbc S’1”1’1’. ‘1’bc plan is to test the 1’1”1”1’
in the autocollimatim  mdc utilizing a large.  cryogenic optical test flat (~ O”l’f;). in late
1994, J]’], mccivcd  proposals fmm industry  and academia to Imducc  this optic. ‘J’hc
principal rcquimmcllt  was tkt tk (UJ’JJ bc 90C1M in diameter and maintain an rms surface
flalncss  of S().07pm at SK ‘1’hc kading candidate. materials were.  fused silica ad silicon
carbide.

ScvcI”al  kcy issues wcm cmlsidcd  in making  the choice of material for tbc [O1’l;.
l;irst, jt is much easier to coo] silicon carbk!c than fused si!ica  duc to the much bigbcr
tbcrmal conductivity of the fomcr. 1 ‘or that reason, silicon carbjdc sccmcd to bc aIl
attractive cboicc. llowcvcr,  clearly, the maturity of the fused silica tcclmo!ogy  was and
still is far greater than lhat of silicon carbide. ‘1’bc tests m the S(lcm 1?130 silicon carbklc
test mirror were encouraging as WCII as some similar data on cryogenic t cst ing of a 25cm
diamclcr chemical vapor  deposit cd silicon carbide mi HOI.(12), }hlllclmrc,  1 .ocklmcd-
Mallin bad cstablisbcd  a collaboration with tbc Vavilov  State Optics lmtitutc in St.
l’ct crslmlg, Russia ad prduccd a sc.rics of si 1 icon carbide mim]s based on a process



sjmilar to the lJ”l’OS ]mccss.  ‘1’wo mall mirrors including a 17cm diamc[w sphcJ.c and a
3 I cm x 21 cm flat were optical] y tested a[ 6K and showed good 1>crfo11~lal~cc~13).  ID

applicationsF4).
addition, a Ii ht wc.ightcd 60cm diameter mi rim was pJodLlccd  , hll~]l not fol’ clyogcnic

‘1’hc ligbtwcightcd  minor  weighs =Skg,  shows a 1’001)1  tcmpcra[L1l’c  1111s

wavcfrmt  cmw of 0.0241  (h=@3nm) and h a s  a  s u r f a c e  IOLIghT)CSS  of 10-20A.  A
phd  ograph of the back side of this mirror is shown in ] ‘igurc  9.

1 ‘iguc 10. 90cm ])iamctcr Clyogcnic
optical ‘1’cst 1 ‘lat for the S’1’’1’1 i

Wi[h this h]fomation  in hand,  I .ockllcc(l-R4allill  in collaboration with the Vnvilov
State Optics ]nstitutc.  in St, l)clc.mbu]”g, ]<ussia was sc]cc[cd  to pmducc  the [~~”1’]’. ‘J’hc
o p t i c  ad its six point aluminum  mount h a v e b e e n  fabrkxitcd  in l<ussia and wil I b c
dclivcj”cd  to J]’]. shcw[l y for jntcgmtkm jnto the SrJ”J’J; . lnit ial Jmm  tClllJXYd  UI°C tCStS

pcrfomcd in St. l’ctcrsburg  show an ms sdacc CLWM of 0.07L (L 633Jlm) and a peak to

Valley Crl’ol’  of 0.4 ?L for the CO’I’I i. Oyog,cnic  opt jcal test ing, also pcrfmmcd  in St.

l)ctcixlmrg, has jndicatcd that the rJm wavcfront  mm”  at 4K is =0.0851  wjth a peak to

val ]cy c.rJ’oJ’ of O.4 ~, thus mcd  ins lhc stated lcqui  rcmcnt. A pictLuc  of the back side of
the CXY1’Ji  blink k shown in liigurc 10.

4.E. l!’uf u m SII{R:JU’C!C.S.M :Bxll 110.1 f)n’
When the  (U]’]; arrives at J]’]., it wjll bc mounted  on the SrJ’T1 i gjmbal ad

at tachcd to t hc upper hcl im tank. (3)cc the 1’1”1”1’ mclcrjng  t owcr is complctcd  ad
dc.livclcd  to .l})l, it wjll bc integrated wjth the I>MA ad the sccomlary  mimr asscmb]y and
lhc tclcscopc wi 11 bc a] i.sycd. ‘1 ‘hc ful I y intcgmtcd ]’1’’]”]’  Will thCll  bC lllOLllltCd  011  tk
lower helium tank in the SrI’rJ’l; Pacjng  up and a~ltocollil~latioll”  test iTlg wjll bc pcJTom_Icd
Llsj ng the CXY1’1 ~ to vcrjfy pcrfomancc  at 5 K. If the pcrfomlancc  is adequate ad meets
the prcscrjbcd  cum budget, the lrl’’l’rl’ will bc rc.movc(i fmm the S’1”1’1;  and vjbmt ion tested
to the levels a]qmpiate  for the 1 )c.lta  class launch vchic]cs. 1 ‘ollowing vibration  tests, the
badwal”c  wjll bc rc-tested iJl the S“1’’1’1 i to vcrjfy alignment and cryogenic optical
pcrfomancc  followjng  simu]atcd  launch  loads.

Several possible uses arc being cmsi(icmi  for the 1’1”1”1’ following  tcchno]ogy
validation. There is a pmsibilit  y that some clcmcmts of the. hadwarc could be. ut ili~,cd  in
the S11<’1’1: flight telescope. ‘J ‘]lc prilllaly ]Ilirro],  for CXaInp]C,  COLI](]  bc mfigUd  fO~ thC
cmmt S1l{”l”l;  design. A sccoml possibility is to utilize the l’1’’l”J’  as a ground test ar{iclc to



validalc pcrfomancc  of S1l<”l’l; inslmmcnl  tcs[ mmiulcs  0] as a stimulus for the S1l<’l’l;

cd-to-cml  systcm tests. l;inally, there is the possibility that tbc tclcscopc  could bc utilized
as pml of a future mission.

S . CON CI.lJSl_(l_NS
in the near fut urc, there is the possibility y that a number of ]atgc cryogenic optical

s yslcms  wi 11 bc dcvclopcd  ad launched jnt o space 10 pdom a varict y of scjcnt ific
jnvcst  igat  ions. ‘1’here js cmcntly  a significant ICVCI of activity to develop the specialty
opt kx rcqui d for such app] icalicms. A  m]mbcr of appmachcs  am availab]c to suppm[
these applicaticms and Ihc chojcc of materials anti  designs dcpcmls of the missjon
mquircmcnls.  ~omjclcrablc  progress has been made Icccn[]y in the dc.vclopmcnt  of large,
lightweight beryllium ad sjlicon cat$klc  optjcs. 1 n palliculat,  the “lhcmal  hys[crcsis”
pmblcm in large crywgcnic beryllium mirrors has been solved. Also, the pmccss of “null
fif,urjng”  has been demonstrated jn bcryllim. “1’hc state of the all jn silicon carbj(ic optics
i s  advancing  lapi(ily and good pcrfomancc at cryogenic tcmpcraturc has been
dcfmomtlatcd  jn several mirrors, ‘1’hc futarc cryogenic optics needs of the space tclcscopc
ad jntcrfcromctry  community appear to bc masonab]c  cxtcmiom of existing tcclmology  jf
there is sufficjcnt  aml contimljng  suppor( for tcclmology  dcvclopmcnt.

6. A(;KN()\VJ,]jI)  (;hl.BN’J8
Some of the work uqmlcd  in this paper was pmfomcd  fm N ASA by the Jet l’m]ml  sicm
1.aboratory,  California lnsfitutc  of ‘J’cchno]ogy. );unding  for this work was povjdcd  by
tbc NASA Spacccrati  Systems llvision of tbc Office of Space Access and ‘1’cclmology
(Gdc XS) as parl of the ‘J’clcscopc Tcclmology  Program
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